The essential oils extracted from the young stems and leaves of Chamaecyparis lawsoniana (A.Murray) Parl. have been analysed by Gas Chromatography and Gas Chromatography coupled to Mass Spectrometry. A total of 66 compounds were identified representing around the 99% of the total oil. The oil was richer in monoterpenes than in sesquiterpenes. The only main component was limonene with a percentage composition of 77.7%. The rest of compounds that contribute to the fragrance had percentage composition lower that the 3.0%: p-cymen-7-ol (3.0%), myrcene (2.4%), camphor (2.1%), -elemene (1.6%), oplopanonyl acetate (1.6%), methyl perillate (1.3%), terpinen-4-ol (1.0%) and -oplopenone 1.0%. The antibacterial and antifungal activity of this oil was also tested against different microorganisms. The only fungus tested, Candida albicans, was very sensitive to the treatment with an inhibition halos of 20mm. The oil was more effective with the Gram (+) than with Gram (-) bacteria. The inhibition halos were 12mm, 12-13mm and 12-13mm for Bacillus subtilis, Staphylococcus aureus and Micrococcus luteus respectively. We report new data of the antibacterial and antifungal activity of the essential oil of this species. The essential oil of C. lawsoniana could be considered as a good natural antibacterial and antifungal agent.
The Chamaecyparis Spach. genus belongs to the Cupressaceae family. It is a small genus that contains only a few species wildly distributed throughout North America and Asia. Chamaecyparis lawsoniana (A.Murray) Parl., commonly named as "Port-Orfordcedar" or "ginger-pine", is a native tree of North America [1] [2] [3] . In Spain it has been widely cultivated and it is a very common plant in our gardens [4] . Although Chamaecyparis is a small genus, all the species have hard, aromatic wood which is highly prized and most of them have been used by Native American peoples to make bows, canoe paddles and dishes [5] . In general, natural products that can inhibit pathogenic bacterial growth and extend food shelf life have been developed and used since ancient times. As a natural product, essential oils have been regarded as a potential material for inhibition of pathogenic microbial growth due to its unique fragrance and antimicrobial properties, and they have also used in pet care products to repel fleas and ticks (http://www.rosecityarchery.com). Those could be two of the principal reasons because the chemical composition, ethnobotany and medicinal properties of the oils of Chamaecyparis species have been much studied [6-14,15a,b] .
As far as we know, the chemical composition of C. obtusa Siebold & Zucc has been the most reported although other species have been also studied: C. formosensis Matsum, C. lawsoniana Parl., C. nootkatensis (D.Don) Spach. and C. pisifera (Siebold & Zucc.) Endl. Table 1 shows the most relevant results of these investigations. In the present study, we contribute to the knowledge on the essential oils of Chamaecyparis lawsoniana, comparing our results with those previously reported. We also report new data of the antibacterial and antifungal activity of the essential oil of this species.
The volatile components identified from the essential oil of C. lawsoniana, their retention indices and their percentage composition are summarised in Table 2 where all the compounds are arranged in order of their elution on the DB-1 stationary phase. A total of 66 terpenoids including monoterpenes, sesquiterpenes and diterpenes were identified representing around the 99% of the total oil. The Monoterpene fraction was the most abundant with a percent composition of 91.6%. It is worth noting that only one compound, limomene, sum more that the 70% of the total oil. However, the oil also contains sesquiterpenes and diterpenes in low amounts. The hydrocarbon compounds were predominant in all the fractions except in the sesquiterpenes, where the amount of hydrocarbon and oxygenated was very similar, 3.4% and 3.8% respectively.
As we have just mentioned, only one constituent was identified as principal compounds of the oil: limonene (77.7%). The rest of compounds that contribute to the fragrance showed percentage composition lower that the 3.0%. Few of them were characterized as p-cymen-7-ol (3.0%), myrcene (2.4%), camphor (2.1%), elemene (1.6%), oplopanonyl acetate (1.6%), methyl perillate (1.3%), terpinen-4-ol (1.0%) and -oplopenone 1.0%.
According to our results and those previously reported (Table 1) , it is worth nothing that the Chamaecyoaris genus shows monoterpenes as main compounds of the essential oils in most of the species analysed to date. However, none of the compounds could be used for the chemotaxonomy of the genus because there are a while variability between samples of the same species and between species. This disparity in results appears to be caused by the differences in plant sources (wood, leaves, stems) or by the extraction method. Besides, previous reports have confirmed that the chemical compositions of essential oils depend on geographic circumstance, harvesting period, climate, plant age etc… [6d,6e,15c 15d,16] . The studies carried out with Chamaecyparis lawsoniana seem to confirm this hypothesis. The essential oils analyzed showed different major compounds and only when the plant material and Table 1 : Chemical composition and main properties of the essential oils of Chamaecyparis species.
Species
Main compounds Oil Properties Ref.
C. formosensis
Matsum.
Myrtenol (48.9%), myrtenal (13.2%), -copaene (6.4%), t-muurolol (4.3%), camphene (3.4%), -terpineol (2.8%), -pinene (2.4%) and -myrcene (2.0%). Heartwood oil. Significant insecticidal activities: larvicidal properties against Aedes aegypti and A. albopictus.
[10f]
C. lawsoniana Parl.
Phenolic content Bark extracted with methanol.
Antioxidant activity (phenolic content showed significant radical-scavenging activity).
[9a]
-terpineol (14.3%), -cadinene (8.2%), -pinene (6.5%), camphor (5.9%), fenchol (5.5%), -cadinol (5.3%), fenchone (4.7%), -muurolene (4.2%), cadinol (3.4%), -terpineol (3.3%), limonene (2.7%) and -muurolol (2.7%).
Commercial "Rose of Cedar" oil.
Carvacrol, nootkatin, nootkatone and valencene. Essential oil. Sporicidal activity (strong inhibition of the zoospore germination and hyphal growth of Phytophthora ramorum).
[11b]
α-Terpineol (29.5%), borneol (12.2%), l-camphor (9.9%), fenchol (11.1%), fenchone (7.4%) and β-terpineol (4.8%). Hearthwood oil.
Heartwood oils demonstrate little to no risk to aquatic organisms. The oil has little environmental toxicity.
[7d]
Terpinen-4-ol (22.0%), sabinene (21.0%), camphor (7.8%), citronellol (7.3%), terpinene (7.0%).
Oil of aerial parts.
-Terpineol (14.3%), -cadinene (8.2%), -pinene (6.5%), -fenchol (5.5%), camphor (5.9%), -cadinol (5.3%), fenchone (4.7%), -muurolene (4.2%), cadinol (3.4%) and limonene (2.8%)
Oil of wood shavings from standing dead and down.
Low concentrations of oil extracts did not have toxic effects and it did not elicit a hypersensitivity reaction nor an acute skin irritation.
[6f]
Hexane extract: t-muurolol (55.3%), t-cadinol (35.7%) and azulene (9.0%). Ethyl acetate extract: t-muurolol (50.0%), t-cadinol (26.2%), hexadecadienoic acid (16.8%) and azulene (7.0%).
Soxhlet extracts from hearthwood. Antifungal activity against white rot fungi.
[8b]
Diterpenes: ferruginol, pisiferol, 5-epipisiferol, formosanoxide, trans-communic acid and torulosal. Sesquiterpenes: oplopanonyl acetate and germacrane 4b-hydroxygermacra-1(10)-5-diene.
Soxhlet extracts from immature cones.
Antibacterial or modulatory activity against Staphylococcus aureus.
Antifungal activity against brown-rot fungus (Gloeophyllum trabeum) and white-rot fungus (Trametes versicolor).
[7c]
C. nootkatensis (D.Don) Spach.
Repellent activity against nymphal Ixodes scapularis.
[7b]
----------Supercritical fluid extraction / Soxhlet extracted.
Limonene (35.4-42.4%), δ-3-carene (11.5-23.4%), α-pinene (8.7-16.3%) and nezukol (3.3-4 .8%)
Young stems and leaves oil.
Limonene (53.2%), -3-carene (21%) and -pinene (12.2%). Young stems and leaves oil.
Antibacterial and antifungal activity against Bacillus subtilis and Candida albicans.
Potent therapeutic activity for the treatment of atopic dermatitis. Inhibited the infiltration of mast cells beneath the dermis and hypodermis. Suppress the development of 2,4dinitrochlorobenzene in atopic dermatitis.
[10c]
Eucarvone (8.2%), 1-methyladamantane (5.6%), p-cymen-7-ol cuminol (5.5%), 3,4-dimethyl-2-cyclopenten-1-one (4.1%), eucarvone (2.1%), hydroxy-4-methyl-2-pentanone pyraton (1.2%) and calamenene (1.0%).
Essential oil.
Positive regulator of hair growth. Promote hair growth in shaved mice. [11a] Limonene (13.4%), -pinene (9.1%), bornyl acetate (8.8%), -terpinyl acetate (7.6%), myrcene (6.8%), elemol (6.6%), sabinene (6.4%), terpinolene (4.3%) and widdrene (3.6%).
Leaf oil. Insecticidal activity. [12] α-Terpinyl acetate (13.7%), sabinene (11.0%), isobornyl acetate (8.9%) and limonene (6.9%). Leaf oil. Antibacterial and antifungal activity. Traditionally used in the treatment of urinary tract infections.
[15a]
-phelladrene (21.8%), terpinen-4-ol (17.8%), myrcene (9.0%), -terpinene (7.9%), -thujaplicin (6.7%), -terpinene (4.3%), 2-carene (4.3%), limonene (4.2%), camphene (3.7%), -pinene (3.7%), bornylacetate (3.6%), caryophyllene (2.9%), -cedrol (2.3%), elemol (1.4%), -thujene (1.4%) and germacrene D (0.9%).
Leaves oil extracted with methanol. Acaricidal activity.
Yoshixol (4,4-dimethyl-6-methylene-2-cyclohexen-l-one). Neutral wood oil.
Strong antibiotic effect on Candida albicans, Escherichia coli, Mycobacterium chelonei, Pseudomonas aureginosa and Staphylococcus aureus.
[10e]
Terpinen-4-ol (53%), -cadinene (9.6%), -selinene (6.33%), -cedrol (5.1%), bisabolol (4.3%), nerolidol (3.81%) and linalool (2.5%).
Pruned leaves and twigs.
Antibacterial and antifungal activity. Commercially used in soap, toothpaste, and cosmetics as a functional additive with good fragrance.
[11d]
hinoki (C. obtusa) wood-wool: -cadinene (27.0%), -cadinol (12.7%), elemophiladiene (13.8%), -cadinol (9.9%), -muulolene (9.4%), cis-calamenene (5.0%), -selinene (2.9%), -cedrene (2.9%), -terpineol (2.4%), -cadinene (2.3%) and cadalene (2.3%).
Wood-wool oil. Suppression of the activity of house dust mites in tatami mats.
[9c]
[11c]
C. obtusa var. formosana (Hayata) Hayata ----------Heartwood, bark and leaf oil. Antitermitic activity against Coptotermes formosanus Shiraki.
[6c]
C. pisifera (Siebold & Zucc.) Endl. 5,7-dihydroxy-2-(1-acetyl-2-methoxycarbonylethyl)-chromone and rel-(8R,10R,20S)-8,10,20-trihydroxy-9(10fi20)-abeo-abieta-9,13-dien-12-one Leaves oil extracted with methanol. Antibacterial activity. [14] o-Methyl pisiferic acid, methyl pisiferate and pisiferic acid and 8,20-dihydroxy-9(11),13-abietadien-12-one.
Leaves oil extracted with methanol. Antibacterial activity.
[10d]
the extraction method coincided, the results were similar (Table 1) . Those could be the reasons because our results are significantly different from those of the previously mentioned studies. It is remarkable that limonene has not been previously identified as main constituent. When it has been mentioned, the percentage composition was very low (2.7%) in comparison with our one (77.7%) [13b]. It is the first time that limonene is reported as unique main component for this species.
The antibacterial and antifungal activities of the essential oils of C. lawsoniana appear in Table 3 . Although ten different species were tested, only four of them were susceptible to the oil, one fungus (Candida albicans) and three bacteria (Bacillus subtilis, Staphylococcus aureus and Micrococcus luteus). The only fungus tested showed significant differences with respect to the bacteria. According to our results, the inhibition produced in the fungi growth (20mm) was higher that in the bacteria (12-13mm) . Besides, the oil seemed to be more effective against Gram(+) bacteria being more than the 60% of the species tested susceptible, while less of the 20% of the Gram (-) bacteria were sensitive to the treatment. The inhibition halos for the susceptible species were 20mm, 12mm, 12-13mm and 12-13mm for Candida albicans, Bacillus subtilis, Staphylococcus aureus and Micrococcus luteus respectively.
Essential oil of Chamaecyparis lawsoniana
Natural Product Communications Vol. 7 (10) 2012 1385 This species has been previously studied and only two of the four published papers tested its antibacterial and antifungal activity ( Table 1) . Modulatory activity for Staphylococcus aureus have been reported and also the antifungal activity against white rot fungi [8b,13a] . Our results show that the oil extracted from young stems and leaves posses more effects that those extracted from immature cones or hearthwood. In fact, our results are comparable with those of C. obtusa where a higher number of microorganisms were sensitive to the wood oil [10e]. Again, the plant material seems to affect not simply to the chemical composition but also to the antibacterial and antifungal activity. After an exhaustive study about the possible toxicity of C. lawsoniana essential oil, it could be considered as a good natural antibacterial and antifungal agent. It could be interesting to compare the essential oil composition of this species during the year to check if these properties are constant or they are more efficient depending of the season. It could be also useful to compare the differences between wild and garden populations. 
Isolation of volatile oil:
Essential oil from the gathered material of C. lawsoniana was isolated by steam distillation with cohobation for 8 h. according to the method recommended in the Spanish Pharmacopoeia [17] . The oil was dried over anhydrous magnesium sulphate and stored at 4ºC in the dark. This species yielded 1.1% of yellow pale oil, based on fresh weight.
Gas chromatography (GC)and Gas chromatography-mass spectrometry (GC-MS):
The experimental conditions for GC and GC-MS analysis were quite similar to those reported earlier [18] . Most constituents were identified by comparison of their retention indices with those of authentic standards, retention indices from references [19, 20] , and/or by fragmentation patterns of the experimental mass spectra.
Antibacterial and antifungal activity:
The antibacterial and antifungal activity of the essential oils C. lawsoniana was tested against Gram (+) bacteria such as Bacillus subtilis, Enterococcus faecalis and Staphylococcus aureus; Gram (-) bacteria such as Enterobacter aerogenes, Escherichia coli, Micrococcus luteus, Pseudomonas aeruginosa, Salmonella sp. and Serratia marcescens; and against the fungus Candida albicans. These activities were determined using the agar diffusion method. Filter paper discs (9 mm in diameter) were impregnated with 10 L of pure essential oil. The bacteria and fungus were inoculated in Petri dishes from tubes adjusted to the 0.5 MacFarland Standard. All assays were carried out in duplicate. The Petri dishes were refrigerated (4°C) for 30 min to facilitate the diffusion of the essential oil into the medium before incubation. They were subsequently incubated at 37°C for 24 h in the case of the bacteria, while the fungus was cultured at 30°C for 24 and 48 h. After incubation, the growth inhibition rings were quantified by measuring the diameter of the zone of inhibition in millimetres (including the diameter of the disc) from the lower surface of the Petri dishes.
